Conversion electron Mössbauer spectroscopy (CEMS) and X-ray diffraction were used to study a series of rf-reactively sputtered FeAlN thin films with the goal of gaining insight into the origins of their uniaxial magnetic anisotropy (UMA) and the effect of sputtering conditions on its thermal stability. At N/Fe = 4.6%(±0.5%), N goes into interstitial vacancies without significant reductions in the hyperfine field (B hf ) of the Fe but causing lattice expansions, leading to an increased linewidth in the CEMS spectra of the film while the sample has an in-plane UMA.
I. INTRODUCTION
Uniaxial magnetic anisotropy (UMA) is an important property in FeXN (X=Al, Ta, etc…) thin films for magnetic recording applications. UMA in the transverse field annealing process (TFA) was reported unstable 1 . It was shown later 2 that reducing the target-to-substrate spacing (d ts )
improved the thermal stability of UMA and the unstable FeTaN films have larger Fe lattice expansions. It was suggested that the diffusion of interstitial atoms could be the cause of the thermal instability of UMA in the FeXN films 2 and N induced atomic arrangement could affect the diffusion barrier of the interstitial N or C in FeN or FeC materials 3 . However, x-ray diffraction (XRD) spectra and x-ray photoelectron spectra could not differentiate between the films deposited at d ts = 38 mm and d ts = 67 mm.
Conversion electron Mössbauer microscopy (CEMS) was used to investigate the local structural and magnetic properties in various Fe-N materials and several iron nitride phases were identified using this method in addition to XRD analysis 4,5 .
II. EXPERIMENTAL TECHNIQUES
A series of FeAlN films were deposited on Si(100) substrates using rf-sputtering method on a Perkin Elmer sputtering system. A 99.95% pure FeAl target with 2% a/o Al was used. The power density was 10 W/in 2 . N 2 /Ar partial pressures during the deposition processes were varied from 0% to 100%. A FeAlN film was deposited at d ts = 38 mm for comparison with the one deposited at d ts = 67 mm while other conditions were kept the same between these two samples. The background vacuum is below 5×10 -7 T. A field 25 Oe was applied during the deposition process. The film thickness is 200 nm ± 5nm with the exception that the FeAlN with 99.5%
nitrogen to iron atomic ratio in the film (N/Fe) is 135 nm ± 5 nm thick. N/Fe is measured using x-ray photoelectron spectroscopy (XPS) and Rutherford Backscattering Spectrometry (RBS) and the error is ± 0.5%. The film thickness was determined using a Tencor profilometer and a timer linked to the target power of the sputtering system. XRD was performed using a Rigaku diffractometer and Cu K line (1.54056Å) was used for these x-ray 2
measurements. CEMS spectra were collected using a He + 10% CH 4 gas-flow proportional counter at room temperature (RT) and fitted using a nonlinear least squares fitting routine using
Lorentzian lines or Lorentzian lines with a Gaussian distribution of hyperfine fields. The spectrometer was operated in constant acceleration mode and calibrated using an -Fe foil at RT.
III. RESULTS AND DISCUSSION
N/Fe and XRD spectra of the FeAl(N) samples are shown in Fig. 1 . It was found that N/Fe in the films increased from 0% to 99.5%. In the sample with N/Fe = 0%, an XRD peak representing pure -Fe was observed. In the sample with N/Fe = 4.6%, it is also -Fe but the peak position was shifted slightly due to the lattice expansion caused by N doping. In the sample with N/Fe = 23.9%, the peak is broad and hard to differentiate different phases in the films. In the sample with N/Fe = 44.9%, the observed peak represents the presence of Table 1 . It is noted that these CEMS intensity ratios do not come from direct measurements of N atoms and their contents in the films since only Fe CEMS spectra were obtained. The N/Fe ratios were accurately measured using XPS or RBS within ± 0.5% by directly measuring the N and Fe spectra in these two measurements. It is shown in Table 1 By tilting the FeAlN sample with N/Fe = 4.6% at 54.7° to the incidence direction of the unpolarized -ray beam during the CEMS measurements, no significant differences were observed when the -ray beam was aligned along the magnetic easy axis and hard axis, respectively. It was shown 6 that using an un-polarized -ray beam, the only information that could be extracted from this type of orientation measurement is R, which gives the magnetic texture of the film (how the spins are distributed), but not the directional differences of the local structural properties.
IV. CONCLUSION
Reducing d Table 1 . It is noted that the sample with N/Fe = 53.3% is clearly non-magnetic. The fitting was done using the quadrupole splitting in order to estimate the isomer shift. 
